Capnocytophaga canimorsus, a bacterium commonly transmitted via dog bites, is known to cause sepsis in immunocompromised patients. Thrombotic thrombocytopenic purpura and hemolytic uremic syndrome are rare complications of infection. We present a case of C. canimorsus sepsis and thrombotic thrombocytopenic purpura in an asplenic patient and review the relevant literature.
Introduction
Capnocytophaga canimorsus, a pathogen commonly associated with dog bites, is a well-known cause of severe sepsis in asplenic patients. Infections with C. canimorsus have also rarely been associated with thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS). Cases of C. canimorsus infection are increasing while the organism may still be difficult to identify and may be under identified [1] . At the same time, the diagnostic criteria for TTP are not precise and untreated TTP carries high mortality. Therefore a high level of awareness must be maintained to diagnose and treat both C. canimorsus and TTP. Herein, we present a case of C.
canimorsus infection associated with TTP and review the relevant literature.
Case Report
A 56 year old male presented with progressive fatigue, gait instability, intractable nausea and vomiting five days after sustaining a superficial facial laceration by his dog's teeth. He denied any fevers, chills, headache, diarrhea, abdominal pain, bleeding, or bruising. Past medical history was notable for a motor vehicle accident 22 years ago resulting in a ruptured spleen requiring splenectomy. He denied any active or past alcohol use. Vital signs demonstrated blood pressure of 80/55 and heart rate of 104 beats per minute. The physical exam was significant for 2 small, superficial lacerations on the patient's nose without surrounding signs of infection, a well healed midline abdominal scar, and dry mucous membranes. There were no abnormal pulmonary, cardiovascular, dermatological, or neurological findings. On presentation, platelets were 8 K/µL and the serum creatinine was 5.45mg/dL; six months prior, the platelets and creatinine had been 292 K/µL and 0.82 mg/dL, respectively. Coagulation parameters were within normal limits, fibrinogen was elevated, and there was no leukocytosis or anemia on admitting laboratory data (Table 1) . Recent HIV testing was negative.
After initial fluid resuscitation, the patient developed fever to 102F, altered mental status and hypoxic respiratory failure requiring intubation. Chest radiograph showed pulmonary vascular congestion. Head CT was normal. The patient was empirically treated with vancomycin and piperacillin-tazobactam. Within 48 hours, two sets of blood cultures grew filamentous gramnegative rods. Capnocytophaga canimorsus was suspected and antibiotics were changed to ampicillin-sulbactam. A transthoracic echocardiogram showed no evidence of endocarditis.
Further labs showed progressive anemia (hemoglobin 10.4 g/dL), slight hyperbilirubinemia (total bilirubin 1.5 mg/dL), and few schistocytes on peripheral blood smear. A presumptive diagnosis of TTP was made and he was treated with prednisone 1 mg/kg per day plus 3 days of plasma exchange. With these measures, the patient defervesced, blood pressure normalized, renal function improved, and platelet count recovered. Unfortunately the patient's hospital course was complicated by ventilator associated pneumonia, for which he was treated with piperacillintazobactam. In total, the patient received 16 days of antibiotics and was discharged in good condition.
Discussion
Capnocytophaga canimorsus are fastidious, capnophilic, facultative anaerobic, gram-negative fusiform bacteria closely related to Fusobacterium and Bacteroides species. C. canimorsus is found as part of the oral flora of dogs and, less commonly, cats. The bacterium is of low virulence. Risk factors for infection are classically asplenia, alcoholism, and immunosuppression. Infection commonly takes the form of sepsis, although localized infections such as meningitis and endocarditis also occur. Onset of symptoms can range from 1-8 days and include fever, chills, myalgia, malaise, vomiting, diarrhea, abdominal pain, and headache [1, 2, 3] . Overall mortality is about 30%.
There are numerous antibiotic options for treatment. While other Capnocytophaga species have been reported to produce beta-lactamase, this has not been found in C. canimorsus [4] . Active antibiotics for C. canimorsus include penicillin, ampicillin, beta-lactam/beta-lactamase combinations, third-generation cephalosporins, imipenem, clindamycin, linezolid, tetracyclines, chloramphenicol, and fluoroquinolones [5] .
Our patient was asplenic and exhibited features of TTP without the dysregulation of coagulation characteristic of disseminated intravascular coagulation (DIC). This is unusual since C. canimorsus infections are more commonly associated with DIC, with TTP being rarely seen. In three reviews of C. canimorsus infections, no instances of TTP were reported [1, 2, 3] . In total, we found 4 cases of TTP and 2 cases of HUS associated with C. canimorsus infection in the English language literature (Table 2) [6, 7, 8, 9, 10] .
HUS and TTP are overlapping syndromes that can be difficult to distinguish because they share the same diagnostic criteria of microangiopathic hemolytic anemia and thrombocytopenia.
Though renal failure, fever, and neurological abnormalities may or may not be seen with either syndrome, the presence of these features is traditionally characteristic of TTP [11] . The pathophysiology of TTP is not completely understood, but studies highlight a deficiency in the von Willebrand Factor (VWF) cleaving protease, ADAMTS13. A deficiency of ADAMTS13 activity leads to the accumulation of large VWF multimers that activate platelet aggregation causing microvascular thrombi [11, 12] . Treatment with plasma exchange has decreased the mortality due to TTP from 90% to 22% [13] .
It is unclear if TTP in C. canimorus infections is attributable to a characteristic of the organism or more generally to the resulting sepsis. It has been shown that sepsis itself can cause a decrease in ADAMTS13 activity and an increased release of large VWF multimers [12, 14] . Sepsis caused by various organisms can also be associated with a clinical diagnosis of HUS/TTP [13, 15] .
Regardless of the underlying cause, it is apparent that TTP is associated with C. canimorsus infections. When the diagnosis of one is present, it is important to consider a diagnosis of the other in the proper clinical setting. C. canimorsus and TTP are each associated with significant mortality; therefore timely recognition and treatment can be critical to successful outcomes. 
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